Over the last years, the documentation of Heritage has been increasingly enriched with new forms of data representation and contents deriving from technological applications on artifacts and the progress of computer graphics: if, on the one hand, 3D survey has become an effective tool supplementing and supporting traditional study activities, as it can generate accurate and high-resolution digital models (available especially when physical access to materials is not possible, but also for enhancement or to formulate hypothetic reconstruction), on the other, archaeometry investigations can provide all that information (about composition, firing temperature of clay, etc.) that autopsy, comparison, formal, contextual, or bibliographic analysis cannot do on their own. This paper aims to show the potentialities of combined use of these non-destructive and non-contact approaches on the archaeological artifacts preserved at the Regional Museum of Lipari "L. Bernabò Brea" for the analysis, diagnostic, fruition, and forthcoming restoration purposes. Different methodologies, such as laser-based surveying, sfm digital photogrammetry, and Raman spectroscopy have been, respectively, adopted and combined to get reconstruction and characterize several clay masks and two figured calyx-kraters. The latter technique, in particular, has proved to be useful in compositional analysis of dyes and pigments contained in the clay. Sometimes, it is also possible to see a hole above the forehead, useful for hanging or supporting the mask, or for the insertion of wires that allow a frontal view. The color, when preserved, is placed before cooking: on the smaller pieces, it is attested, especially in the hair; then, on the bigger ones, it connotes the surfaces.
Introduction
The Regional Archaeological Museum of Lipari "L. Bernabò Brea" is located upon the rock of the "Castle", an imposing dome of volcanic formation with characteristics of the natural fortress. The classic section of the itinerary exhibits a large collection of clay masks and statuettes, found during archaeological excavations, that are one of the most distinctive material evidences of Greek civilization of Lipára [1]: most of them come from funerary equipment of the tombs found at "Contrada Diana" or from votive "pits" or "dumps" located in sanctuary and the areas of necropolis, few others come from domestic and worship contexts placed in urban and peri-urban areas [2] .
The whole collection comprehends 150 specimens exhibited and more than 800 fragmentary pieces stored in the Museum's warehouses: their dimensions range from 6 to 25 cm of height, with some exceptions reaching 30 cm.
The terracottas, of local production, presents small variations and deformations, due at the pressure exerted for the raw extraction, or different previous drying processes cooking, either by reduction from a matrix or for intentional variations, such as the compression or rework of some details.
The work also includes the 3D modeling of two calyx kraters and the projection on the plane of the decorative apparatus depicted on their body: -
The first vessel (i.n. 340bis), attributed to the Painter of Maron, active around 340 BC, represents an episode of the myth of Hippolytus; -
The second vessel (i.n. 10,648) is attributed to the painter of Adrastus (perhaps active in Lipára).
Heritage 2019, 2 FOR PEER REVIEW 3 in a non-destructive way. The characterization of pigments, binding media, etc., or, generally, the question of 'color' is a large field of investigation in which Raman spectroscopy is regularly used [13] . The work also includes the 3D modeling of two calyx kraters and the projection on the plane of the decorative apparatus depicted on their body: -The first vessel (i.n. 340bis), attributed to the Painter of Maron, active around 340 BC, represents an episode of the myth of Hippolytus; -The second vessel (i.n. 10648) is attributed to the painter of Adrastus (perhaps active in Lipára). 
Materials and Methods

Point-Based 3D Survey and Data Processing
The surveys of masks and craters have been performed using "Quantum™ FaroArm", manufactured by FARO -Europe GmbH & Co. KG ( Figure 2 ), a portable high-accuracy coordinate measuring machine (PCMM) that meets the most rigorous ISO 10360-12:2016 measurements standards: the instrument is the fastest, lightest, hand-held, non-contact scanning system available. It is equipped with an interchangeable probe that deploys a blue laser technology (Faroblu™ laser line probe HD) able to capture in real time a high-density point clouds at over 600,000 points per second reconstructing the surface of objects and features. machine (PCMM) that meets the most rigorous ISO 10360-12:2016 measurements he instrument is the fastest, lightest, hand-held, non-contact scanning system available. ed with an interchangeable probe that deploys a blue laser technology (Faroblu™ laser D) able to capture in real time a high-density point clouds at over 600,000 points per nstructing the surface of objects and features. hnology ensures consistent and reliable measurement, thanks to the shorter wavelength to the red one) of laser, and delivers higher resolution scanning of small element and performance specification on Table 1 ). The device uses a laser source, which, through a ic, produces a coherent and monochromatic light blade detected by two CCDs (Chargevice) and subsequently processed through a triangulation process. r Line Probe Specification. quisition is based on the principle of laser stripe triangulation: a laser diode and stripe e used to project a laser line onto the object, which is kept still during the scanning process ). The line is viewed at an angle by cameras so that height variations in the object can be nges in the shape of the line. The resulting captured image of the stripe is a profile the shape of the object ( Figure 5 ). The position of each recorded point is accurately elatively to a known coordinate system. The survey process has been operated using Wrap" software, which allows to define and modify several acquisition parameters. This technology ensures consistent and reliable measurement, thanks to the shorter wavelength (compared to the red one) of laser, and delivers higher resolution scanning of small element and features (see performance specification on Table 1 ). The device uses a laser source, which, through a suitable optic, produces a coherent and monochromatic light blade detected by two CCDs (Charge-Coupled Device) and subsequently processed through a triangulation process. Data acquisition is based on the principle of laser stripe triangulation: a laser diode and stripe generator are used to project a laser line onto the object, which is kept still during the scanning process ( Figures 3 and 4 ). The line is viewed at an angle by cameras so that height variations in the object can be seen as changes in the shape of the line. The resulting captured image of the stripe is a profile containing the shape of the object ( Figure 5 ). The position of each recorded point is accurately measured relatively to a known coordinate system. The survey process has been operated using "GeoMagic Wrap" software, which allows to define and modify several acquisition parameters.
The acquired data relative to each sample has been processed using "Geomagic Studio" software through the following step: -Visual inspection of dense cloud and mesh surface, spikes removal, and small holes filling; -Alignment of meshes (the Faro aligns roughly the individual scans during the scan processing, so a second alignment was performed); -Merging of the aligned meshes and generation of the final mesh removing redundant data; -Slight smoothing (the lowest possible allowed by the processing software) between the merged mesh.
Data acquisition is based on the principle of laser stripe triangulation: a laser diode and stripe generator are used to project a laser line onto the object, which is kept still during the scanning process (Figures 3,4 ). The line is viewed at an angle by cameras so that height variations in the object can be seen as changes in the shape of the line. The resulting captured image of the stripe is a profile containing the shape of the object ( Figure 5 ). The position of each recorded point is accurately measured relatively to a known coordinate system. The survey process has been operated using "GeoMagic Wrap" software, which allows to define and modify several acquisition parameters. The acquired data relative to each sample has been processed using "Geomagic Studio" software through the following step: -Visual inspection of dense cloud and mesh surface, spikes removal, and small holes filling; -Alignment of meshes (the Faro aligns roughly the individual scans during the scan processing, so a second alignment was performed); -Merging of the aligned meshes and generation of the final mesh removing redundant data; -Slight smoothing (the lowest possible allowed by the processing software) between the merged mesh. The final model was saved in STL format (Standard Triangulation Language) and used for further analysis.
Image-Based 3D Survey and Data Processing
Also, a scaled structure from motion model of two figured calyx kraters was created using a Canon Eos 7D Reflex Camera to integrate a photographic texture (not acquired by the laser arm) to models ( Figures 6 and 7a ). In particular, the vases were entirely photo-scanned following a 'converging axes' schema, taking care to get overlap and side-lap between the frames ranging from 60% to 70%.
The photo-scansions of craters have been processed through "Agisoft Photoscan" [14] by following these steps:
-Correction of optical distortion of cameras (by "Lens" plug-in) [15] ; -Alignment of the frames by tie points between adjacent frames; -The building of dense cloud; -Generation of 3D polygonal mesh (Figure 7b -it is possible to see some small cracks); -Generation of texture; -Exporting of results.
Finally, a cylindrical projection of the decorative apparatus of craters was also performed. The acquired data relative to each sample has bee using "Geomagic Studio" software through the following -Visual inspection of dense cloud and mesh surface, spik and small holes filling; -Alignment of meshes (the Faro aligns roughly the indiv during the scan processing, so a second alignment was per -Merging of the aligned meshes and generation of the removing redundant data; -Slight smoothing (the lowest possible allowed by the software) between the merged mesh. The final model was saved in STL format (Standard T Language) and used for further analysis.
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The photo-scansions of craters have been processed through "Agisoft Photosc following these steps:
-Correction of optical distortion of cameras (by "Lens" plug-in) [15] ; -Alignment of the frames by tie points between adjacent frames; -The building of dense cloud; -Generation of 3D polygonal mesh (Figure 7b -it is possible to see some small crack -Generation of texture; -Exporting of results.
Finally, a cylindrical projection of the decorative apparatus of craters was also perfo The final model was saved in STL format (Standard Triangulation Language) and used for further analysis.
Also, a scaled structure from motion model of two figured calyx kraters was created using a Canon Eos 7D Reflex Camera to integrate a photographic texture (not acquired by the laser arm) to models ( Figures 6 and 7a ). In particular, the vases were entirely photo-scanned following a 'converging axes' schema, taking care to get overlap and side-lap between the frames ranging from 60% to 70%. The acquired data relative to each sample has been processed using "Geomagic Studio" software through the following step: -Visual inspection of dense cloud and mesh surface, spikes removal, and small holes filling; -Alignment of meshes (the Faro aligns roughly the individual scans during the scan processing, so a second alignment was performed); -Merging of the aligned meshes and generation of the final mesh removing redundant data; -Slight smoothing (the lowest possible allowed by the processing software) between the merged mesh. The final model was saved in STL format (Standard Triangulation Language) and used for further analysis.
Finally, a cylindrical projection of the decorative apparatus of craters was also performed. 
Raman Spectroscopy Measurements
A Handheld Raman Spectrometer (BRAVO -Bruker), manufactured by Duo LASER, was used to collect Raman spectra ( Figure 8 ) of the masks in situ. The instrument uses patented technology (SSE™, Sequentially Shifted Excitation, patent number US8570507B1) [16] to mitigate fluorescence phenomena, and it is equipped with two excitation lasers having wavelengths (DuoLaser™) centered at 785 and 853 nm [17] . Lasers work together to mitigate the fluorescence, and it is not possible to separate them using the experimental setup.
The spectra were collected in the 400 -3000 cm −1 range with integration times no longer than 60 s. In the results and discussion section, we report the only significant result of some clay masks, and we assign the stretching mode of ancient pigments principally based on iron oxide.
The Raman spectra were performed on clay masks N° 11248, 9729, and 6766 on the colored part. In mask N°11248, we analyzed three different points: near the eye and in the hair. We analyzed pink pigment in the cheek on N° 9729 clay mask; instead, on N° 6766, the analysis was focused on cheek and hair. The results obtained for each mask are very similar to each other. For this reason, we report only one spectrum acquired in every case of study. 
Digital Integration
Some tests of digital integration through operations of duplication translation and the mirroring of the original starting mesh were performed, also using "Geomagic Studio", on fragments presenting gaps on the vertical axis. A roto-transaction allowed, finally, adapting and anchoring the mirrored copy to the original fragment. To best fit the junction between the original fragment and the mirrored copy, the latter was converted from polygon mesh into point clouds. The excess parts overlapping the original finding were then deleted, and a new wrapping operation was recalculated.
It was decided, finally, to trace a separation groove to better differentiate the original fragment from the reconstructed parts, thus, declaring the reintegration action of the gap. The photo-scansions of craters have been processed through "Agisoft Photoscan" [14] by following these steps:
-
Correction of optical distortion of cameras (by "Lens" plug-in) [15] ; -Alignment of the frames by tie points between adjacent frames; -
The building of dense cloud; -Generation of 3D polygonal mesh (Figure 7b -it is possible to see some small cracks); -Generation of texture; -Exporting of results.
Finally, a cylindrical projection of the decorative apparatus of craters was also performed.
Raman Spectroscopy Measurements
A Handheld Raman Spectrometer (BRAVO -Bruker), manufactured by Duo LASER, was used to collect Raman spectra (Figure 8 ) of the masks in situ. The instrument uses patented technology (SSE™, Sequentially Shifted Excitation, patent number US8570507B1) [16] to mitigate fluorescence phenomena, and it is equipped with two excitation lasers having wavelengths (DuoLaser™) centered at 785 and 853 nm [17] . Lasers work together to mitigate the fluorescence, and it is not possible to separate them using the experimental setup. 
A Handheld Raman Spectrometer (BRAVO -Bruker), manufactured by Duo LASER, was used to collect Raman spectra (Figure 8 ) of the masks in situ. The instrument uses patented technology (SSE™, Sequentially Shifted Excitation, patent number US8570507B1) [16] to mitigate fluorescence phenomena, and it is equipped with two excitation lasers having wavelengths (DuoLaser™) centered at 785 and 853 nm [17] . Lasers work together to mitigate the fluorescence, and it is not possible to separate them using the experimental setup.
Digital Integration
It was decided, finally, to trace a separation groove to better differentiate the original fragment from the reconstructed parts, thus, declaring the reintegration action of the gap. Slight operations of The spectra were collected in the 400-3000 cm −1 range with integration times no longer than 60 s. In the results and discussion section, we report the only significant result of some clay masks, and we assign the stretching mode of ancient pigments principally based on iron oxide.
The Raman spectra were performed on clay masks N • 11,248, 9729, and 6766 on the colored part. In mask N • 11,248, we analyzed three different points: near the eye and in the hair. We analyzed pink pigment in the cheek on N • 9729 clay mask; instead, on N • 6766, the analysis was focused on cheek and hair. The results obtained for each mask are very similar to each other. For this reason, we report only one spectrum acquired in every case of study.
It was decided, finally, to trace a separation groove to better differentiate the original fragment from the reconstructed parts, thus, declaring the reintegration action of the gap. Slight operations of 'Smoothing and loosening of the tips', using Geomagic Studio, have made even more evident the readability of the reconstructed parts.
Results and Discussion
The elaborations of the data allowed to obtain three-dimensional models, metrically correct at very high resolution (Figure 9 ). Below are displayed the results of the processing stage, from which it is possible to have an idea on the accuracy in the reconstruction of the forms that the instrumental resolution allows. 
The elaborations of the data allowed to obtain three-dimensional models, metrically correct at very high resolution (Figure 9 ). Below are displayed the results of the processing stage, from which it is possible to have an idea on the accuracy in the reconstruction of the forms that the instrumental resolution allows. Moreover, we propose below (Figures 10 and 11) the results of the elaborations of the two craters:
Moreover, we propose below (Figures 10,11) the results of the elaborations of the two craters: The so called Maron crater (inv. 340bis - Figure 6 ) presents, along the external wall, two different depictions separated by a vegetable element, representing scenes taken from the myth of Hippolytus. He, rejecting the amorous advances of Phaedra, incurs the vengeance of Aphrodite who scares the horses, making them bolt. The chariot is depicted at high speed and lost control, while it is breaking the wheels and the axle of the wagon. Freed from the reigns, the horses' bolt, fleeing in all directions. The depth of field and perspective of the work are suggestive of a masterpiece painting. The crater by the Painter of Adrastus (inv. 10648) is organized in two figurative different sizes panels: in the first Adrastus, king of Argos, settles the dispute between Polynices of Thebes and Tydeus of Calydon whose argument was the source of the story of the Seven against Thebes ( Figure  11a) ; the second shows a female figure wearing a diadem and sitting on an altar or sarcophagus, which offers a large phiale to a young with mantle on the left arm. (Figure 11b) .
Although the laser-scanner is the most accurate methodology in defining the geometry of objects (and the only one suitable for all those activities, which require maximum precision as digital restoration), it is very poor in photorealistic rendering in relation to the high cost of equipment and elaboration software, which require long processing times and high modeling skills.
Another element of discussion is on a technical nature and depends on the management of high poly digital models, i.e., the meshes characterized by a high number of vertices and faces. The acquisition of data allowed to obtain very detailed and complex models, but its management through traditional 3D modeling and 3D editing software was very complicated, and the integration of the missing parts determined an important leap in scale, especially in terms of detail. A strong qualitative Moreover, we propose below (Figures 10,11) the results of the elaborations of the two craters:
The so called Maron crater (inv. 340bis - Figure 6 ) presents, along the external wall, two different depictions separated by a vegetable element, representing scenes taken from the myth of Hippolytus. He, rejecting the amorous advances of Phaedra, incurs the vengeance of Aphrodite who scares the horses, making them bolt. The chariot is depicted at high speed and lost control, while it is breaking the wheels and the axle of the wagon. Freed from the reigns, the horses' bolt, fleeing in all directions. The depth of field and perspective of the work are suggestive of a masterpiece painting. The crater by the Painter of Adrastus (inv. 10648) is organized in two figurative different sizes panels: in the first Adrastus, king of Argos, settles the dispute between Polynices of Thebes and Tydeus of Calydon whose argument was the source of the story of the Seven against Thebes ( Figure  11a) ; the second shows a female figure wearing a diadem and sitting on an altar or sarcophagus, which offers a large phiale to a young with mantle on the left arm. (Figure 11b ).
Another element of discussion is on a technical nature and depends on the management of high poly digital models, i.e., the meshes characterized by a high number of vertices and faces. The acquisition of data allowed to obtain very detailed and complex models, but its management through traditional 3D modeling and 3D editing software was very complicated, and the integration of the missing parts determined an important leap in scale, especially in terms of detail. A strong qualitative The so called Maron crater (inv. 340bis - Figure 6 ) presents, along the external wall, two different depictions separated by a vegetable element, representing scenes taken from the myth of Hippolytus. He, rejecting the amorous advances of Phaedra, incurs the vengeance of Aphrodite who scares the horses, making them bolt. The chariot is depicted at high speed and lost control, while it is breaking the wheels and the axle of the wagon. Freed from the reigns, the horses' bolt, fleeing in all directions. The depth of field and perspective of the work are suggestive of a masterpiece painting.
The crater by the Painter of Adrastus (inv. 10,648) is organized in two figurative different sizes panels: in the first Adrastus, king of Argos, settles the dispute between Polynices of Thebes and Tydeus of Calydon whose argument was the source of the story of the Seven against Thebes (Figure 11a) ; the second shows a female figure wearing a diadem and sitting on an altar or sarcophagus, which offers a large phiale to a young with mantle on the left arm. (Figure 11b ).
Another element of discussion is on a technical nature and depends on the management of high poly digital models, i.e., the meshes characterized by a high number of vertices and faces. The acquisition of data allowed to obtain very detailed and complex models, but its management through traditional 3D modeling and 3D editing software was very complicated, and the integration of the missing parts determined an important leap in scale, especially in terms of detail. A strong qualitative and quantitative gap was created between the original fragment (high poly model) and its integration (low poly model).
These irregularities have been solved almost completely by the Geomagic Studio software, through operations of loosening the tips, new phases of wrapping, closing the holes, mesh doctoring, etc. On the other hand, thanks to the structure from motion algorithm, the technique of photo-scanning allows to partially automate the processes once the acquisition scheme is accurately designed, using low cost and user-friendly tools: despite a less geometrical accuracy, this method can offer a more effective photorealistic rendering. The two methods are, however, absolutely complementary to finally get an 'integrated model', which is also proved in our study case.
In the case of craters, in fact, the combined use of both techniques offers an efficient and precise way for executing drawings of painted vases, thanks to stylistic analysis from which it is possible to identify, in some cases, painters and workshops: only a meticulous fine documentation of details may reveal the particularities and characteristics of a painter and can help to recognize these on other vessels. Furthermore, using 3D documentation, measurements can easily be taken even after the recovery of items.
As described in the introductive section, Raman analysis was performed in colored clay masks to identify the pigmentations. The attention was especially focused on few interesting artworks suggested by the Director of Museum. Figure 12 shows the figures and the respective Raman spectra obtained in red masks N • 9729 representing "Lenone" and masks N • 11,248 and N • 6766 representing two different types of "Giovane dalla chioma ondulata". etc. On the other hand, thanks to the structure from motion algorithm, the technique of photo-scanning allows to partially automate the processes once the acquisition scheme is accurately designed, using low cost and user-friendly tools: despite a less geometrical accuracy, this method can offer a more effective photorealistic rendering. The two methods are, however, absolutely complementary to finally get an 'integrated model', which is also proved in our study case.
As described in the introductive section, Raman analysis was performed in colored clay masks to identify the pigmentations. The attention was especially focused on few interesting artworks suggested by the Director of Museum. Figure 12 shows the figures and the respective Raman spectra obtained in red masks N° 9729 representing "Lenone" and masks N° 11,248 and N°6766 representing two different types of "Giovane dalla chioma ondulata".
In clay mask number 11248 (Figure 12a ), the spectrum presents bands at 410, 498, and 610 cm −1 attributable to hematite pigment (Fe2O3) and a band at 1008 cm −1 imputable to gypsum (CaSO4·2(H2O)) per literature data [18] . The spectrum acquired on 9729 clay mask (Figure 12b ) shows bands at 412 and 610 cm −1 attributable, also in this case, to hematite pigment. Finally, clay mask N°6766 (Figure 12c ) shows only one band centered at 340 cm −1 imputable to cinnabar pigment (HgS). Cinnabar is a brilliant scarlet mercury (II) sulfide (HgS) employed since antiquity in very important paintings and art objects. This last result is very significant because it represents a unique case in which cinnabar has been identified on a clay mask in the Mediterranean area. The previously important result of the study in Lipari Museum collection is the identification of cinnabar in the color palette of both Lipari Painter and his followers. This suggests an identical use of materials and a local production [19] . In clay mask number 11248 (Figure 12a ), the spectrum presents bands at 410, 498, and 610 cm −1 attributable to hematite pigment (Fe 2 O 3 ) and a band at 1008 cm −1 imputable to gypsum (CaSO 4 ·2(H 2 O)) per literature data [18] . The spectrum acquired on 9729 clay mask (Figure 12b ) shows bands at 412 and 610 cm −1 attributable, also in this case, to hematite pigment. Finally, clay mask N • 6766 (Figure 12c ) shows only one band centered at 340 cm −1 imputable to cinnabar pigment (HgS). Cinnabar is a brilliant scarlet mercury (II) sulfide (HgS) employed since antiquity in very important paintings and art objects. This last result is very significant because it represents a unique case in which cinnabar has been identified on a clay mask in the Mediterranean area. The previously important result of the study in Lipari Museum collection is the identification of cinnabar in the color palette of both Lipari Painter and his followers. This suggests an identical use of materials and a local production [19] .
Conclusions
In our study, we focused the attention on processing measurements acquired using laser scanning during structural testing of 12 clay masks and two calyx kraters preserved at the Regional Museum of Lipari "L. Bernabò Brea".
All these non-contact methods allowed to obtain both 3D models and a precise characterization of the materials (thanks to the Raman analysis) of all the findings listed above, useful for various scopes, such as research, preservation, monitoring of conservation status, testing restoration activities (without intervening directly on the object), promotion, interactive fruition of unexposed pieces, and accessibility. Those methods are frequently used in the Cultural Heritage field: using 3D documented data, it is also possible to create digital reconstructions or 3D print replicates of archaeological objects, and, consequently, museum collections can become more accessible for the public [20] . 
